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Abstract 

Purpose: Studies on the association between the use of calcium channel blockers (CCBs) and breast cancer risk have 
reported inconsistent results. We quantitatively assessed this association by conducting a meta-analysis based on the 
evidence from observational studies. 

Methods: We searched PubMed, MEDLINE, EMBASE and the Cochrane Library for relevant studies published up to and 
including December 31, 2013. We calculated pooled risk ratios (RRs) for cancer risk. 

Results: A total of 17 studies (9 cohort studies, 8 case-control studies) were selected for further study. These studies 
included 149,607 female subjects, of which 53,812 were CCBs users, who were followed for 2-16 years. The risks of breast 
cancer among patients receiving CCBs were significantly different for the pooled RRs (95% confidence interval) of cohort 
studies 1.08 (0.95, 1.20) and case-control studies 0.98 (0.86, 1.09). Differences were also noted for cancer risk, for CCBs use of 
<5 years 0.96 (0.78, 1 .1 5), and for >5 years 1 .01 (0.74, 1 .28), as well as for ever used 1 .08 (0.95, 1 .20), and for current use 1 .1 3 
(0.83, 1.42). The RR for studies longer than 10 years was 1.71 (1.01, 2.42), and for studies evaluating nifedipine was 1.10 (0.87, 
1.33) and diltiazem was 0.75 (0.40, 1.10). 

Conc/us/ons:Jhe long-term use of CCBs appears to have a significant relationship with breast cancer. Well-designed clinical 
trials are needed to optimize the doses and types of these drugs needed to minimize their carcinogenic potential. 
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Introduction 

Breast cancer is by far the most common cancer diagnosed in 
women (ranking second for both sexes combined) and the most 
common cause of death in women (ranking fifth for both sexes 
combined) worldwide [1,2]. The age standardized incidence 
increased by 40% from 1979 to 1992 in England and Wales [3]. 
Breast cancer is now also the leading cause of cancer-related 
mortality among females in economically developing countries, a 
shift from the previous decade during which the most common 
cause of cancer death was cervical cancer [4] . Hence, there is a 
growing interest in breast cancer prevention and several strategies 
have been evaluated with some promising results. 

Calcium channel blockers (CCBs) are prescribed primarily for 
treatment of hypertension and coronary heart disease [5,6]. CCBs 
are also used to treat esophageal diseases [7]. These drugs are 
potent drugs that affect various organ systems, and can cause 
constipation [8] , increase the risk of hemorrhage [9] , and impair 
differentiation during embryogenesis [10]. Furthermore, cases of 
lupus after use of diltiazem have been reported [11]. 



CCBs, which can inhibit apoptosis and thus facilitate the 
division of cells with malignant potential [12], have been found to 
increase breast cancer risk in some studies. In 1996, Pahor et al., 
found that in patients who had received CCBs the risk of breast 
cancer was increased [13]. However, the data is equivocal with 
some studies lending support to this association between CCBs 
and breast cancer risk [14-17], but not others [18-23]. Therefore 
the debate has been fuelled by conflicting data. We conducted a 
meta-analysis of observational studies of CCBs, to examine their 
effect on the occurrence of breast cancers. 

Methods 

Search 

This meta-analysis was conducted in accordance with PRIS- 
MA(Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses) guidelines [24,25]. A comprehensive literature search 
was carried out using PubMed database, MEDLINE, EMBASE, 
China Academic Journals Full-text Database, and the Cochrane 
Library. We used the term "breast cancer" or "cancer" or 
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"cancer(s)" or "neoplasm(s)" or "malignancy(ies)" or "carcinoma" 
in combination with "calcium channel blockers" or "verapamil" 
or "diltiazem" or "nifedipine" or "dihydropyridines" or "amlo- 
dipine" to identify the studies related to CCBs and breast cancer 
risk. The reference lists of all eligible articles and reviews were also 
scanned to identify additional relevant studies. All cancer studies 
were included to ensure that no results for breast cancer were 
overlooked that might have been reported as part of a larger study 
that included other cancer types. 

Selection/Study Characteristics 

The studies considered in this meta-analysis were all observa- 
tional (cohort or case-control) studies that evaluated exposure to 
CCBs and risk of breast cancer. We included all articles 
irrespective of publication length; for example, articles published 
as short reports or conference abstracts, even though the critical 
appraisal of such publications is limited, were included. Articles 
were excluded from the analysis if they had insufficient published 
data for determining an estimate of relative risk (RR) and 
confidence interval (CI). When there were multiple publications 
from the same population, only data from the most-recent report 
were included in the meta-analysis and remaining data were 
excluded. Studies reporting different measures of RR [e.g. risk 
ratio, rate ratio, and odds ratio (OR)] were included in the meta- 
analysis. In practice, these measures of effect yield a similar 
estimate of RR, since the absolute risk of breast cancer is low. 

Data abstraction 

We reviewed each full-text report to determine its eligibility and 
extracted and tabulated all the relevant data independently. The 
extracted data included the characteristics of the subjects 
(including age, number and treatment), study design, published 
year, follow-up period, journal of article and the covariate 
adjustment. Study authors were contacted as needed to obtain 
detailed data. Any disagreement was resolved by a consensus 
among the investigators. 

Quantitative data synthesis 

The RRs and ORs with their 95% CIs were extracted from 
individual studies for the highest versus the lowest quartiles, and 
the OR from case-control studies were assumed as the estimate of 
the RR value in the CCBs intake meta-analysis studies. Both the 
fixed-effects and random-effects models were used to calculate the 
pooled estimate and its 95% CI. If more than one risk estimate was 
provided in a study that had been stratified by covariates, the 
estimates were pooled before data were entered into the final 
analysis. The heterogeneity of the data was quantified by the 
statistic and in combination with the statistic, which represents 
the percentage of variability across studies that is attributable to 
heterogeneity rather than chance. Heterogeneity among studies 
was considered significant when P<0.05 for the statistic or 
when the value was more than 50%. If there was significant 
heterogeneity among the studies, the random-effects model was 
used, otherwise, the fixed-effects model was acceptable. Publica- 
tion bias was represented by funnel plots and was further assessed 
by the Egger test and Begg test [26] . When there was a significant 
publication with regard to CCB intake and breast cancer risk, the 
trim and fill method was applied to correct the publication bias 
[27,28]. All the statistical analyses were performed with 
STATA12.0 (StataCorp, College Station, TX, USA). 

We first estimated the risk of breast cancer in CCB users 
compared to the non-users. We used the available data from 
previously collected studies, which reported RR estimates for these 
particular associations. Pre-specified subgroup analyses were 



performed according to (i) study design (cohort and case-control), 
(ii) duration of use, (iii) time to study observation (ever and 
current), and (iv) drug type to examine the impact of these factors 
on the association between CCB use and breast cancer. To test the 
robustness of this association, we performed a sensitivity analysis 
by excluding one study at a time. Cumulative meta-analysis was 
also performed to identify the change in trend of reporting risk 
over time. 

Results 

Search results 

A total of 128 abstracts were identified and screened, and 108 
studies were reviewed in detail. After excluding laboratory studies, 
ecological studies, and reviews, 20 studies were initially selected for 
analysis [13-23,29-37]. Three of these studies were excluded 
because they did not provide sufficient information [35-37], 
leaving 17 in the final analysis (Figure 1) [13-23,29-34]. 

Qualitative Summary 

The characteristics of the selected studies are shown in Table 1 . 
Overall, 1 7 relevant studies (9 cohort and 8 case-control) published 
between 1996 and 2013 were identified. A total of 149,607 female 
subjects, including 53,812 CCBs users, were enrolled in these 
studies and followed for 2 to 16 years. Nine studies were from the 
United States [13,14,16,17,19-21,31,33], four from the UK 
[15,18,22,29], two from Denmark [23,30], and two from Canada 
[32,34]. Nine studies were cohort studies [13,15,18- 
20,23,30,33,34], while seven were case-control studies 
[14,17,19,21,22,29,31], and one was a nested case-control study 
[32]. Of the 17 studies [13-23,29-34], 7 were population-based 
and 10 were hospital-based. All studies were controlled for 
potential confounding factors (at least for age) by matching or 
adjustments. Further, 7 studies [14,17-19,29,31,32] reported OR 
estimates for the association between CCB use and the risk of 
breast cancer, while 10 [13,15-17,20-23,30,34] studies reported 
RR. All studies had a median follow-up time of at least 3 years, 
while 2 studies had a median follow-up of more than 10 years. 



1 28 lelevant studies 
were identtified and 
screened 



108 studies nvteie eKdudedbecaiisefhey 
were labontoiy studies, ecological 
studies, or reviews, or duphcale surveys 



20 studies were 
pie-selecled f or 
aiialysia 



3studies were exidudedbecause fhey did 
net provide suffident inf ca 



17 Studies were selected for analysis 
Case-conlrol study = 8 
Cohort study = 9 



Figure 1. Flow diagram of studies included in the meta- 
analysis. 

doi:1 0.1 371/joumal.pone.01 05801 .gOOl 
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Quantitative Summary (Meta-analysis) 

We found no association between GCB use and risk of breast 
cancer in 12 studies (RR= 1.02, 95%CI: 0.94, 1.11) presented in 
Figure 2. However, there was high evidence of a lack of 
heterogeneity among these studies {P heterogeneity — ^-^^^^ 
7^ = 28.2%). Stratification by study design showed that the 
association was neutral in cohort studies (RR= 1.08, 95%CI: 
0.95, 1.20) and there was a non-significant inverse association in 
case-control studies (RR = 0.98, 95% CI: 0.86, 1.09) [P = 0.02]. 
Moreover, in the subgroup analysis based on the duration of drug 
use, no differences were detected in duration of CGB use and 
breast cancer risk: <5 years (RR = 0.96, 95%GI: 0.78, 1.15), >5 
years (RR= 1.01, 95%CI: 0.74, 1.28), and ever used (RR= 1.08, 
95%GI: 0.95, 1.20). However, the pooled RR for current use was 
1.13 (95%GI: 0.83, 1.42) (Figure 3). 

The combined RR was 1.00(95%CI: 0.99,1.00) for the 3 studies 
which followed patients for > 1 0 years indicating that there was no 
association between CCB use and breast cancer (7^ = 71.3%, 
Figure 4). The heterogeneity appeared to be driven by the effect of 
the study by Hole et al. [15] (Figure 5). When it was excluded from 
the analysis, the high heterogeneity was eliminated (Figure 6), and 



a statistically contradictory effect revealed (summary RR= 1.71, 
95%CI: 1.01, 2.42, for Pheterogenetty = (^■'^7^, 7^ = 0.0%). Further- 
more, when subgroup analysis was performed according to 
different drugs, nifedipine and diltiazem the pooled RR for the 
studies which used nifedipine was 1.10 (95% CI: 0.87, 1.33) and 
studies which used diltiazem was 0.75 (95%CI: 0.40, 1.10). As 
shown in Figure 7, there was no evidence of heterogeneity 
(Q=9.47, P= 1.000, 7^ = 0.0% and Q=4.23, P = 0.627, 
7^ = 0.0%, for nifedipine and diltiazem, respectively). 

Assessment of Publication bias 

The funnel plots for the use of CGBs and breast cancer did not 
reveal evidence of obvious asymmetrical publication bias. 
Furthermore, the Begg's funnel plot (Figure 8) based on the 
selected studies, calculated P = 0.068 in Egger's test and P = 0.055 
egg's test, respectively. Therefore, there is no evidence of 
publication bias in the analysis. However, this is indicative of 
some degree of publication bias, particularly in breast cancer 
where likely much more data exists on the topic in other studies 
that did not present these associations in their papers. 



Study 

ID sample size 

cohort cases /participants 

Pahoretal{1996) 289/3259 

Olsenetal{1997) 17911/17911 

Fitzpatrick et al (1997) 759/3198 

Michels et al (1 998) 2361/1 8635 

S0rensen et al (2000) 1 1 726/1 1 726 

Fryzek et al (2006) 4381/49950 

Holmes et al (201 3) 401 9/401 9 

Lietal(2013) 1960/2851 
Subtotal (l-squared = 44.0%, p = 0.086) 

Case control cases/controls 
Jicketal (1997) 221/1096 
Rosenberg et al (1 998) 2893/6641 
Meter et al (2000) 190/925 
Gonzalez - Perez et al (2004) 3333/21177 
Subtotal (l-squared = 0.0%, p = 0.686) 

Heterogeneity between groups: p - 0.245 
Overall (l-squared = 28.2%, p = 0.168) 



ES (95% CI) 



-> 1.65(0.49,5.55) 
0.80 (0.50, 1.10) 
2.57 (1.47, 4.49) 
1.16(0.86, 1.57) 
0.97 (0.77, 1.20) 
1.19(0,87, 1.65) 
1.22 (1,02, 1.47) 
2,60(1,30,5.30) 
1.08 (0.95, 1.20) 



1.32 (0.72, 2.41) 
1.10(0.70, 1.80) 
1.00 (0.80, 1.10) 
0.90 (0.80, 1.20) 
0.98 (0.86, 1.09) 



1.02 (0.94, 1.11) 



% 

Weight 



0.11 

7.82 

0.31 

5.59 

15,23 

4.63 

13.91 

0.18 

47.78 



0.99 

2.33 

31.30 

17.61 

52,22 



100,00 



Figure 2. The Forest plot of relative ratios (RR) for breast cancer incidence rate between CCB users and non-users in cohort and 
case-control studies. Horizontal lines represent 95%CI. The diamond (and dash vertical line) represents the overall RR estimate, with the 95%CI 
given by its width. The solid vertical line is at the null value (RR= 1). 
doi:l 0.1 371/journal.pone.01 05801 .g002 
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Study 
ID 

<5years 
Lf et al (2003) 
Meier et al (2000) 
Fryzek et al (2006) 
Davis et al (2007) 
Subtotal (l-squared ■ 

>5years 
Li et al (2003) 
Meier et al (2000) 
Fryzek et al (2006) 
Subtotal (l-squared • 



Sample size 
Cases/participants 



512/1001 
190/925 
4381/49950 
600/1247 
17.0%, p = 0.306) 



512/1001 
190/925 
438/49950 
0.0%, p = 0.640) 



ever used 

Gonzalez-Perez et al (2004) 3333/21 177 

Fryzek et al (2006) 438/49950 

Davis etal (2007) 600/1247 

Assimes et al (2008) 1 1 36/77887 

Saltzman et al (2013) 392/3201 
Subtotal (l-squared = 0.0%, p = 0.521) 



Current use 
Davis et al (2007) 
Li et al (2003) 
Li etal (2013) 
Subtotal (l-squared = 



600/1247 
512/1001 
1960/2851 
0.0%, p = 0.393) 



Heterogeneity between groups: p = 0.630 
Overall (l-squared = 0.0%, p = 0.660) 



<P> 



0 



ES (95% CI) 



% 

Weight 



1.20(0.80, 1.70) 4.07 
0.90(0.70, 1.20) 13.20 
0.84(0.54, 1.29) 5.86 
1.70(0.90, 3.00) 0.75 
0.96(0.78, 1.15) 23.88 



1.20(0.80, 1.80) 3.30 
1.00(0.60, 1.60) 3.30 
0.89(0.57, 1.38) 5.03 
1.01 (0.74, 1.28) 11.63 



0.90(0.80, 1.20) 20.62 

0.80(0.59, 109) 13.20 

1.40(0.90, 2.40) 1.47 

0.96(0.76, 1.22) 15.59 

1.10(0.70, 1.60) 4.07 

0.92 (0.80, 1.04) 54.94 



2.10(0.70, 6.60) 0.09 
1.00(0.80, 1.50) 6.73 
1.40(0.90, 2.00) 2.73 
1.13(0.83, 1.42) 9.55 



0.96(0.87, 1.05) 100.00 



Figure 3. Meta-analysis and pooled relative ratios (RR) of the time-related CCBs use and breast cancer occurrence. 

doi:1 0.1 371/journal.pone.01 05801 .gOOB 



Discussion 

Over the past few decades, there has been increasing 
understanding of the role of CCBs in the development of breast 
cancer. The present meta-analysis of 17 observational studies, 
indicates that there is no increase in breast cancer risk among 
CCBs users as compared to non-users. This association remained 
stable even after the sensitivity analysis. Overall, when compared 
to non-users of CCBs, we found no significant difference in breast 
cancer risk among ever users, use for <5 years and use for >5 
years. However, an inverse association was observed that 
suggested there is a 13% increase in the risk of breast cancer 
occurrence in current CCB users compared to nonusers. There 
was significant heterogeneity among studies with a duration of 
longer than 10 years. Nevertheless, the heterogeneity was 
eliminated when Hole et al. was removed from the analysis [15]. 
Furthermore, an inverse association was documented and the 
combined RR was 1.71%. This result provides evidence that long- 
term use of CCBs may be associated with an increased risk of 



breast cancer. These findings suggest that longer follow-up maybe 
required to show any association between CCB use and breast 
cancer. 

In our subgroup analyses, the results were not substantially 
affected by study design. Cohort and case-control studies alone 
showed no association between CCBs use and risk of breast 
cancer. Nevertheless, there was deviation in the subgroup analyses 
which evaluated the different CCBs (nifedipine and diltiazem). 
The test of interaction was not statistically significant in subgroup 
analyses but was significant among subgroups representing 
nifedipine use. Although, biological mechanisms through which 
calcium-channel blockers could influence breast cancer risk are 
unknown, CCBs may inhibit apoptosis through increasing 
intracellular calcium. The results that the increased risk with 
nifedipine, and that an decreased risk associated with diltiazem 
may help inform studies aimed at elucidating potential biological 
mechanisms. 

In short, we found an association between CCB use and breast 
cancer risk. Moreover, it has been suggested that CCBs increase 
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Study 
ID 



Events, Events, 



% 



RR{95%CI) case control Weight 



Hole etal (1998) 
Saltzmanetal (2013) 
Li etal (2013) 



Overall (l-squared = 71.3%, p = 0.031 <^^^^ 



1 .00 (1 .00, 1 .00) 2297/231 1 291 0/2927 59.46 

0.99(0.98,1.01) 1000/1055 1408/1477 27.17 

0.98(0.96,1.00) 600/627 545/557 13.37 

1 .00 (0.99, 1 .00) 3897/3993 4863/4961 1 00.00 



.958 



1.04 



Figure 4. The combined relative ratios (RR) and 95%CI for the 3 studies which had a duration of longer than 10 years. 

doi:1 0.1 371 /journal. pone.01 05801 .g004 



the risk of cancer by inhibiting apoptosis, or programmed cell 
death, by DNA fragmentation of dysfunctional and old cells [38] . 
The GCBs might affect cancer risk generally or be limited to 
specific sites where calcium mechanisms predominate. Intracellu- 
lar calcium ion balance regulates apoptosis in vitro [39]; for 
example, mitochondrial calcium uniporter silencing potentiates 
caspase-independent cell death in MDA-MB-231 breast cancer 
cells [40]. In addition, calcium antagonists inhibit apoptosis in 
vitro [41,42]. Animal data suggest that nifedipine reduced resting 
calcium concentration and apoptotic gene expression in mice [43] . 
That is to say, the available laboratory evidence lends support to 
our findings, which indicate that the use of CCBs increases breast 
cancer risk. What's more, it is feasible that breast tissue may be 
more vulnerable to alterations in apoptotic activity than the other 
types of tissue. In complex secretory tissue such as the mammary 
gland, a complex relationship between apoptosis and breast 
carcinoma exists that may hormonally related. Therefore, more 
related studies are needed to illustrate this hypothesis. 

Strengths and limitations 

The strength of the present analysis lies in inclusion of 17 
observational studies, reporting data from more than 149,607 
female participants from multiple nations and was performed with 
a high level of precision, including 53,812 CCBs user. In addition, 
this was the first study to use a meta-analysis to investigate the use 
of CCBs and breast cancer risk. In the analysis of cancer 
incidence, there was no significant difference in RR between the 
case-control studies and the cohort studies. Our meta-analysis has 
several limitations. First, we did not search for unpublished studies 
or for original data. Second, the included studies were different 
although we did not detect significant publication bias between 



studies, it is uncertain whether the cases are comparably 
representative. Moreover, both the funnel plot and Egger's test 
do not have high enough power to detect the bias. Also, no Asian 
was included in our analysis. Finally, the use of CCBs differed 
across the studies, and some of these studies did not assess or adjust 
for enough potential confounding variables. However, potential 
publication bias could be of concern because small studies with 
null results tended not to be published, especially in the case of 
clinical trials. In our meta-analysis, we found no evidence of 




Figure 5. The sensitivity analysis for the 3 studies followed-up 
for more than ten years. 

doi:1 0.1 371/journal. pone.01 05801 .g005 
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Study 



Events, Events, 



ID 



RR (95% CI) 



case control 



Weight 



Saltzman et al (2013) 



Li etal (2013) 



Overall (l-squared = 31.3%, p = 0.22 




0.99 (0.98, 1.01) 1000/10551408/1477 



0.98 (0.96, 1 .00) 600/627 545/557 



0.99 (0.98, 1.00) 1 600/1 6821 953/2034 



67.03 



32.97 



100.00 



.958 



1.04 



Figure 6. The combined relative ratios (RR) and 95%CI for the 2 studies followed-up more than ten years. 

doi:1 0.1 371 /journal. pone.01 05801 .g006 



Study 
ID 



sample size 



% 



ES (95% CI) Weight 



Nifedipine cases/controls 
Meier etal (2000) 50/523 
Gonzalez - Perez et al (2004) 60/1 23 

Subtotal (l-squared = 0.0%, p = 1.000) 



Diltiazem 

Meier et al (2000) 

Gonzalez - Perez et al (2004) 

Subtotal (l-squared = 0.0%, p = 0.627) 



100/463 
160/873 



Heterogeneity between groups: p = 0.098 
Overall (l-squared = 0.0%, p = 0.395) 



190/925 



o 




1.10 (0.80, 1.50) 29.61 
1.10 (0.80, 1.40) 40.31 
1.10 (0.87, 1.33) 69.92 



0.90 (0.40, 1.80) 7.40 
0.70(0.40, 1.20) 22.67 
0.75 (0.40, 1.10) 30.08 



0.99 (0.80, 1.18) 100.00 
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Figure 7. The combined relative ratios (RR) and 95%CI for the 3 studies which state the use of nifedipine or diltiazem. 
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Figure 8. Begg's funnel plot of studies Included In the analysis. 

The funnel plot displays log odds ratio (OR) against its standard error 
(s.e.) for each individual study. The horizontal line represents the 
estimate of the overall OR, with the dash lines indicate the expected 
95% CI for a given s.e. 
doi:1 0.1 371 /journal.pone.01 05801 .g008 

publication bias. Therefore, we will update our study when 
possible. 
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